ABSTRACT: Somatic cells are present in the milk throughout lactation and consist of leukocytes and epithelial cells exfoliated from the mammary epithelium. Our objective was to determine the efficacy of using somatic cells from goat milk for dynamic studies of gene expression in the mammary gland. Over a 4-wk interval, cells were isolated from daily morning milk samples and samples taken 30 min after milking. They were characterized by direct cell counts and by flow cytometry analysis after immunostaining with antibodies directed against cytokeratin and CD45, a common leukocyte antigen. Epithelial cell counts within the morning milk ranged from 15 to 45% of total milk somatic cells. After-milking samples contained twice as many cells as did morning milk samples. The RNA was extracted from the somatic cells of both types of milk samples with equivalent efficiency (a mean of 1.2 g RNA/mL of milk). Four mRNA variants of the α-S1 casein gene were detected by Northern blot analysis and the amount of each mRNA in milk cells was related to protein concentration in milk. The comparison between mRNA from the mammary gland and from congruently collected milk cells showed that relative amounts of mRNA for each milk-protein (α-S1 and κ-casein and α-
Introduction
The secretory activity of the mammary gland during lactation is a complex process regulated by the interac- The authors wish to thank the Brouessy team for their assistance in the animal experimental procedures, M. Ermel for milk composition assay, G. Kann for help in determining GH and IGF-I plasma concentrations, L. Delaby for statistical assistance, and C. Yung for corrections. Monoclonal antibodies were kindly provided by F. Guiguen; cDNA corresponding to αS1 and κ-casein and α-lactalbumin genes were generously donated by C. Leroux and J. L. Villotte, respectively. 1258 lactalbumin) were conserved. In a third experiment, daily milk cell RNA preparations were extracted to assess the effect of growth hormone (GH) on mammary gene expression; four goats were separated into two groups in order to perform a switch-back design consisting of three treatment weeks: Control, GH-Control or GH-Control-GH. In this study, treatment of goats with GH increased milk yields by 5%. Throughout the control and GH treatments, the expression of the three milk-protein genes studied were highly and significantly correlated (r = 0.949 and r = 0.958, P < 0.001 for, respectively, α-S1 and κ-casein and for α-S1 casein and α-lactalbumin). During GH treatment, the three milkprotein mRNA abundances increased with the same pattern. In conclusion, the opportunity to use milk somatic cells for RNA preparation and analysis provides a significant improvement over the use of biopsy samples in assessing gene activity in the mammary gland and allows easy and repetitive sampling without damaging mammary tissue. Furthermore, we propose that this method could be used to investigate the transcriptional status of the mammary gland of an animal in relation to its genotype, nutritional and pathologic status, and under influence by hormonal factors.
tion of many hormonal and paracrine influences (Topper and Freeman, 1980; Oka et al., 1991) . Previously, in order to examine the expression of genes involved in the mammary metabolic activity, RNA were prepared from mammary biopsies or from tissue samples taken at slaughter. Unfortunately, these methods are invasive and do not provide a complete understanding of this process. Therefore, our aim was to determine whether milk somatic cells could be used to accurately reveal the cellular dynamics of mammary gene expression in order to monitor daily, and from an early stage, the hormonal stimulation at the transcriptional level. Lactating goats were used as model in this study. In goat milk, somatic cell counts (SCC) range from 50 to 1,000 × 10 3 /mL and are influenced by the stage of lactation and parity (Pettersen, 1981; Dulin et al., 1983; Rota et al.,1993) . Leukocytes are the predominant somatic cell type. However, a high proportion of epithelial cells in goat milk has also been observed to be associated with apocrine milk secretion (Wooding and Peaker, 1970) . Milk epithelial cells exhibit characteristics of viable and differentiated alveolar epithelial cells in women (Buehring, 1972; Gaffney et al., 1976; TaylorPapadimitriou et al., 1977) , does (Tateyama et al., 1988) , cows (Buehring, 1990) , and sows (Le Jan, 1993) . Human milk epithelial cells have also been used for analyzing casein mRNA (Lindquist et al., 1994) .
In order to assess the use of milk cell RNA in goat, we conducted three experiments. First, we analyzed the milk cell population throughout 4 wk of lactation. Secondly, we compared the milk-protein mRNA amount extracted from mammary tissue and from simultaneously collected milk somatic cells. Thirdly, we utilized lactating goats treated with recombinant bovine growth hormone (GH) to assess the effects of GH on milk protein mRNA in daily preparations of milk cells.
Materials and Methods

Animals
Saanen goats, used in the following three experiments, were bred on the experimental farm of INRA (Brouessy, France) and fed according to INRA recommendations. All the goats in these studies were determined to be free of clinical mastitis. Goat genotypes for the α-S1 casein variant were determined by genomic DNA sequence analysis (Labogena, Jouy en Josas, France) or via protein analysis by isoelectric focusing (Mahé and Grosclaude, 1993) . Experiment 1. Four Saanen goats, beginning their 8th wk of lactation, were studied over a period of 4 wk. Individual milk yield was recorded twice daily at morning and evening milkings. During each morning milking, two samples of milk were collected and were designated as the milk sample (300 mL), collected during the morning milking, and the post-milk sample (30 mL), collected 30 min following the morning milking. On each day of milk sample collection, somatic cells were prepared and analyzed and total RNA was extracted as described subsequently.
Experiment 2.
To compare gene expression in mammary gland and somatic cells, milk samples (300 mL) from three goats in their 16th wk of lactation and one goat in her 28th wk of lactation were collected just before slaughter. Samples of mammary gland tissue were harvested, frozen in liquid nitrogen, and stored at −20°C until RNA extraction or tissues were prepared for immunocytochemical analysis.
Experiment 3. Four Saanen goats beginning their 16th wk of lactation were divided into two groups and subjected to a switch-back design with treatments of GH (described subsequently) or no treatment being given during the first 6 d of each wk over a 3-wk interval. Thus, during the goats' 16th, 17th, and 18th wk of lactation, one group followed successively Control-GHControl treatments, and the other group followed successively GH-Control-GH treatments. GH-treated goats received 5 mg of recombinant bovine GH (Somidobove, Elanco, Indianapolis, IN) s.c., once daily for 6 successive days after the morning milking. Milk yield was recorded twice daily, and the morning milk sample was collected to obtain somatic cells. Daily somatic cell preparations and analysis, and RNA extractions were conducted. Blood samples were collected at 0800 and 1800 to assess plasma concentrations of IGF-I and GH by radioimmunoassay (Disenhaus et al., 1995) .
Processing of Cells in Goat Milk
Somatic cells from fresh goat milk samples (300 mL) were pelleted by centrifugation at 2,000 × g for 15 min at 4°C in the presence of a final concentration of 0.5 mM EDTA. The presence of EDTA limits the formation of casein micelles. The fat layer on the top of the supernatant was removed with a spatula and the skim milk was discarded. The remaining cell-pellet was washed twice in PBS (Dulbecco A), pH 7.2, with EDTA (0.5 mM) to eliminate casein and fat globules. After the last centrifugation, the cell pellet was resuspended in PBS-EDTA (2 mL). One portion of the cell suspension (100 L) was immediately analyzed by light microscopy. The remaining portion of the cell suspension was immediately used for total RNA extraction.
Light Microscopy Analysis (Direct Microscopic Counts)
Somatic cell numbers and viabilities were determined in duplicate assessments of each aliquot of cell suspension following incubation with trypan blue and subsequent hemocytometer counts. Cells rich in cytoplasmic organelles and larger than 10 m were considered as epithelial cells.
Immunocytochemical Analysis
Mammary gland tissue collected at slaughter was fixed in 4% paraformaldehyde-PBS for 24 h at 4°C, cryoprotected in 20% sucrose for 48 h at 4°C, frozen at −45°C in isopentane cooled on dry ice, and stored at −80°C until use. Seven micrometer-thick cryosections were cut onto Superfrost slides (Prolabo, France). Fresh milk somatic cell suspensions and mammary gland sections were then permeabilized in PBS containing 0.05% saponin, 2% bovine serum albumin, and 0.05% sodium azide for 1 h at room temperature. Tissues and cells were then incubated in the presence or absence of primary antibody in the same buffer for 1 h at room temperature. After three washings with PBS containing 0.05% saponin, 0.2% bovine serum albumin, and 0.05% sodium azide, tissues and cells were incubated in the permeabilization buffer in the presence of the second fluorescein isothiocyanate (FITC)-associated antibody for 1 h at room temperature. After 10 min of washing, the mammary gland sections and the cell suspensions were counterstained for 15 min with 20 g/mL Hoechst 3342 (Sigma). The stained cell suspensions were analyzed with a FACScan flow cytometer (Becton Dickinson and Co., Le Pont De Claix, France) equipped with CellQuest software (Becton Dickinson and Co).
Antibodies
The antibodies used for labeling the somatic cells and mammary gland sections were as follows: a monoclonal antibody directed against the bovine cytokeratins (clone K8.13, Sigma Chemical Co.), a monoclonal antibody directed against goat CD45, a common leukocyte antigen (BAGB20A, Veterinary Medical Research and Development) , and a goat FITC-conjugated anti-mouse IgG (Sigma Chemical Co.).
Total RNA Preparation
Total RNA was extracted according to the report of Puissant and Houdebine (1990) . Briefly, mammary gland tissues or cell suspensions were homogenized at 4°C in a 4 M guanidinium thiocyanate solution containing 25 mM sodium citrate, pH 7, 0.5% n-lauryl sarkosyl, and 100 mM mercaptoethanol (1:10, wt/vol). Homogenates were then acidified using 0.1 vol of 2 M sodium acetate, pH 5.2. One volume of TrisؒEDTA-saturated phenol (100 mM TrisؒHCl pH 7.5, 10 mM EDTA), and 0.2 vol of isoamylic alcohol:chloroform (1:49, vol/ vol) were added successively to the homogenates. After a 15-min incubation at 4°C, the mixture was centrifuged (5,000 × g, 10°C, 20 min). The upper phase was separated and 1 vol of isopropanol was added to precipitate the RNA overnight at −20°C. The RNA pellet was recovered by centrifugation (5,000 × g, 20 min, 4°C), rinsed with 70% ethanol, and dissolved in sterile water. After one additional extraction with isoamylic alcohol:chloroform, the aqueous phase was precipitated in the presence of 300 mM sodium acetate and 2.5 vol of ethanol. The RNA was stored in this precipitated form at −20°C until quantification by optical density measurements and analysis by Northern blot.
Northern Blot Analysis
Briefly, 10 g of total RNA was denatured in 20 L of 2.2 M formaldehyde, 50% formamide for 5 min at 65°C and size-separated by electrophoresis on a 1.5% agarose gel in 2.2 M formaldehyde in 10 mM sodium phosphate buffer, pH 7.5. The RNA was transferred to Zeta Probe (Biorad, France) by capillary blotting under high ionic strength [10× sodium saline citrate (SSC): 1.5 M sodium chloride, 0.15 M sodium citrate, 0.5% SDS]. After UV fixation, the membranes were prehybridized at 65°C for 2 h in a medium containing 0.5 M sodium dihydrogenophosphate, pH 7.2, 7% SDS, 1mM EDTA and 0.5% nonfat dry milk. Hybridization was performed overnight at 65°C in the presence of 32 P random primed probes (2 × 10 6 cpm/mL) in the same medium. The membranes were washed under high stringency conditions with 4 × SSC and 0.1% SDS at 65°C for 10 min. Autoradiographs were obtained by exposure at −80°C to Amersham Hyperfilm with two amplification screens. The hybridization signals were obtained by scanning with a Storm 860 machine (Molecular Dynamics, Bondoufle, France) and quantified with Image QuaNT software (IQNT-130; Molecular Dynamics).
Values were corrected using the 18S hybridization signal as a control for RNA loading.
cDNA Probes
The cDNA fragments were labeled with 32 P-dCTP (3,000 Ci/mmol; ICN, Orsay, France) to a specific activity of 10 8 cpm/g DNA using a random priming kit (Roche Mannheim, Meylan, France). The α-S1 casein cDNA encodes the full-length translated sequence and a 500-bp cDNA corresponding to the 3′-translated sequence of the κ-casein (gift from Dr. Leroux et al., 1992) . The α-lactalbumin cDNA encodes the fulllength translated sequence (gift from Dr. Villotte; Vilotte et al., 1987) . The 18S cDNA encodes the full-length translated sequence (Raynal et al., 1984) .
Statistical Analysis
In Exp. 1, correlations were determined between milk somatic cell counts and milk yield, between epithelial cell counts and quantity of RNA collected, and on level of expression of three milk-protein genes in somatic cells collected from morning milk and post-milk samples. In Exp. 2, linear regression was used to determine the relationship between relative gene expression in the somatic cells and in the mammary tissue. In Exp. 3, correlations were determined among the three milkprotein genes expressed in the somatic-cell samples collected during the switch-back design. Additionally, the switch-back design data were analyzed by the methods of least squares ANOVA (Oman and Seiden, 1988) Table 3 is Y ijk = µ + T i + G j + P k + E ijk , where µ is the overall mean, T i is the treatment effect, G j is the goat effect, P k is the period effect, and E ijk is the error term. Means were considered different if P < 0.05.
Results
Experiment 1 Somatic Cell Analysis by Direct Microscopy Count.
Cell samples obtained daily from the four goats were analyzed by light microscopy. Under these experimental conditions, the average number of milk somatic cells was low in the morning milk sample (47,400 ± 5,000 cells/mL, Table 1 ) and varied considerably within and across animals over time (Figure 1 ). The estimated number of epithelial cells followed a pattern similar to that of the total number of somatic cells. This variability was not indicative of a pathogenic condition and was not correlated with milk production. Interestingly, total somatic cell counts and epithelial cell counts in the postmilk samples were more than twice as high as cell counts in morning milk samples (Table 1 ), yet the total percentages and viabilities of the epithelial cells were equivalent in both sets of milk samples. Estimate of cell viability, as assessed via trypan blue exclusion, was approximately 43%. A positive weak but significant correlation was found between the percentage of epithe- Figure 1 . Temporal patterns of milk somatic cell counts in Exp. 1. Daily milk samples were collected for 4 wk from four goats during the morning milking (300 mL). After isolation of somatic cells from milk by centrifugation, directlight microscopic counts were performed and somatic cells were counted in duplicate preparations. Cells with a diameter greater than 10 m and with high cytoplasmic granularity were considered as epithelial cells.
lial cells and estimate of cell viability (r = 0.447, P < 0.01, n = 96 and r = 0.548, P < 0.01, n = 96, for milk and post-milk samples, respectively). These results provide evidence that the exfoliation process was similar in the morning milk and post-milk assessments.
Analysis of Somatic Cells by Flow Cytometry. Cell size
and cytoplasmic density were assessed using a linear mode for forward scatter height (FSC-H) and a logarithmic mode for side scatter height (SSC-H) properties of the cells, respectively. Figure panels 2a and b illustrate that the milk somatic cell population was heterogeneous in size and cytoplasmic density and displayed Figure 2 . Characterization of the light-scattering properties of milk somatic cells from one representative goat in Exp. 1. The cells were incubated in the absence (sample 1, negative control) or in the presence of a monoclonal antibody directed against cytokeratin (sample 2) or against CD45 (sample 3). Panels a, c, and f illustrate the forward scatter height (FSC-H) vs the fluorescence height (FL1-H) dot blot profiles of samples 1, 2, and 3, respectively. For each sample, the positive stained cells (with a fluorescence intensity, FL1-H> 100) were analyzed for side scatter height (SSC-H) and FSC-H distribution: b = sample 1, d = sample 2, and g = sample 3. The fluorescence intensity of a negative control sample (e and h = sample 1) was compared to that of cells immunolabeled with cytokeratin antibody (e = sample 2) or with CD45 antibody (h = sample 3). a low basal fluorescence in the presence of the antimouse IgG FITC-coupled antibody (negative control for immunostaining). After immunostaining with the primary antibody directed against cytokeratin and with the FITC-coupled antibody, an increase in fluorescence was observed (Figures 2c and e ). An average of 26% of the total cells were stained (Figure 2d ). This immunostaining was specific to the epithelial cell population, which ranged greatly in size and cytoplasmic density (Figure 2d ). On the contrary, after immunostaining with the antibody directed against the CD45 leukocyte common antigen and with the anti-mouse IgG FITCcoupled antibody, an average of 55% of the total cell population was positively identified (Figures 2f and h ). This significant increase in fluorescent staining was associated with milk leukocytes, which represent a homogenous cell population that is small in size and density characteristics (Figure 2g) .
In order to establish a control for the functional utility of the antibodies, immunocytochemical staining for cytokeratin and CD45 was performed using lactating goat mammary tissue (Figure 3) . The antibody used for the cytokeratin marker has been reported to stain only epithelial cells and not myoepithelial cells. We confirmed the specificity of this staining in the goat mammary gland sections; the staining occurred strongly on the surface of the epithelial cells of the alveolar and ductal structures. Immunocytochemical staining for CD45, however, was patchy. Nonetheless, the CD45-positive cells were localized in the stroma surrounding the alveolar epithelial cells, and some CD45-positive cells were concentrated in the connective tissue. Sections of mammary gland were stained with a monoclonal antibody directed against cytokeratin (3a, 3b) or against CD45 (3c) and counterstained with Hoechst (3b, 3d respectively). Magnification approximately × 60. n = 40 and r = 0.458, P < 0.01, n = 43; for milk and postmilk samples, respectively). Both sample types (morning milk and post-milk) yielded the same quality of RNA (Figure 4a ). For the three milk proteins studied, mRNA abundances in cells prepared from morning milk and from post-milk samples were significantly correlated (r = 0.960, 0.957, and 0.991 for α-S1 casein, κ-casein, and α-lactalbumin gene expression, respectively; n = 12, P < 0.001; Figure 4b ). In this figure, the two outliers issued from a different Northern blot analysis.
The RNA from the milk somatic cells of goats with different genotypes was analyzed by Northern blot (Figure 5a) . In our experimental conditions, α-S1 casein A transcript yielded only a single band with a 1,100-bp size. Allele F and allele B had the same electrophoretic pattern as allele A. In contrast, allele E gave rise to a larger mRNA (1,600 bp) because of the presence of a 500-bp insertion (Perez et al., 1994) . The relative quantification of each α-S1 casein variant mRNA was performed and expressed as a ratio of kappa mRNA amount ( Figure 5b ). As expected, the amount of allele A mRNA was larger than allele B, allele E, or allele F (given in increasing order). The mRNA amounts for the different variants were related to α-S1 casein protein concentration in milk previously described (Leroux et al., 1992) .
Experiment 2
In order to compare protein-milk mRNA amounts in the mammary gland and somatic cells, RNA was isolated from milk somatic cells and mammary tissue from four goats, and analyzed by Northern blot ( Figure 6 ). As expected, hybridization signals for 18S, used as the RNA loading control were similar for all samples studied. On the contrary, hybridization signals for milkprotein mRNA from milk somatic cells were always lower than that for mRNA from the mammary gland. The milk-protein mRNA amount was quantified after scanning. In somatic cell RNA, the transcripts of milkprotein genes represented an average of 33% of that in the mammary gland ( Figure 6 ). This percentage reflected the proportion of epithelial cells in the total milk somatic cells. In order to compare the specific amount of mRNA between the somatic cells and the mammary gland, relative expression of each milk-protein gene was calculated as a percentage of the total signal for the three milk-protein genes ( Table 2 ). The pattern of milkprotein gene expression was similar between RNA preparations from milk somatic cells and mammary tissue ( Table 2 ). The relative mRNA amounts for these milk proteins in the milk somatic cells and in the mammary gland were highly correlated (r = 0.994, P < 0.01; r = 0.924, P < 0.10; r = 0.999, P < 0.01 for α-S1 casein, Figure 4 . a) Northern blot of α-S1 casein mRNA in somatic cells prepared from morning milk and post-milk samples of a goat with the EF genotype for the α-S1 casein gene in Exp. 1. The Northern blots were performed with a gel containing 10 g of total RNA. The membranes were hybridized with 32 P-labeled α-S1 casein and 18S cDNA probes. b) Relationship between mRNA amounts in morning milk and post-milk samples. The mRNA amounts in cells prepared from milk were significantly correlated with those in cells prepared from post-milk samples: α-S1 casein (), r = 0.960; κ-casein (▲), r = 0.957; α-lactalbumin (◆), r = 0.991; n = 12, P < 0.001).
κ-casein, and α-lactalbumin gene relative expression, respectively; n = 4; Table 2 ). For the three milk proteins, the relationship between mRNA amounts in the milk somatic cells and the mammary tissue was modeled by linear regression analysis with a slope equal to 1 (P < 0.05). The milk epithelial cells accurately reflected events occurring in the mammary gland. The relative expression of the κ-casein gene was always greater than that of α-S1 casein and α-lactalbumin for all goats.
Experiment 3
Experiment 3 was conducted to follow the galactopoietic effects of GH on milk-protein gene expression as assessed via somatic cell RNA determinations. As expected, an increase of plasma GH occurred (Table 3) as the result of GH treatment and was significantly different from controls by the 3rd day of treatment. The increase in circulating concentrations of GH paralleled a significant increase in plasma IGF-I from the first day of injection. The increase in plasma IGF-I served as an indicator of hepatic responsiveness to GH treatment, and was observed in all four goats. Milk yield, however, increased by 4.8% after GH treatment in three of the four goats (P < 0.05). One goat was resistant to the galactopoietic effects of GH, a phenomenon of resistance to GH previously observed in goats, but the underlying mechanisms are not known (Mepham et al., 1984; Nielsen et al., 1990) .
For the three GH-responsive goats, the increase in milk yield was found to be significant 72 h after the first injection of GH. Milk composition (α-lactalbumin, α-lactoglobulin, lactose, glucose concentrations, and milk-protein and fat percentages) was not affected by GH treatment (data not shown). To establish the time course of GH stimulation on the milk-protein gene expression, RNA from milk somatic cells was prepared daily from control and GH-treated goats throughout the 3 wk of study. The amounts of mRNA were corrected using the 18S hybridization signal as a control for RNA loading. The percentage of epithelial cells was used in order to standardize the RNA amount from epithelial cells loaded into each lane. To compare the specific mRNA amounts between the three goats, the results were calculated as a percentage of mRNA amounts dur- Figure 5 . a) Northern blot of α-S1 casein mRNA of milk somatic cells from goats with different α-S1 casein genotypes in Exp. 1. The Northern blot was performed with a gel containing 10 g of total RNA. The membrane was hybridized with 32 P-labeled α-S1 casein probe. b) the amounts of α-S1 casein variants were quantified and expressed as a ratio of κ-casein mRNA amount.
ing the control week. The results are shown in Figure 7b as the mean of these values for the three GH-receptive goats. GH treatment failed to modify significantly the milk-protein mRNA abundance (Figure 7) . However, by the third and fourth day of treatment, mRNA levels were highly variable, perhaps indicating differences in responsiveness of animals to GH over time. Because the abundance of mRNA for the three milk proteins was determined sequentially on the same Northern blot membrane after hybridization and dehybridization, it was possible to observe a relationship between the mRNA levels for the three proteins. A highly significant correlation in mRNA abundance was observed between α-S1 casein and κ-casein and between α-S1 casein and α-lactalbumin (r = 0.949 and respectively r = 0.958, P < 0.001, n=8). Further, we observed the same relationship between κ-casein and α-lactalbumin gene expression Figure 6 . Northern blot analysis of milk-protein mRNA from milk somatic cells (cells) and mammary gland (MG) of lactating goats in Exp. 2. The Northern blot was performed from a gel containing 10 g of total RNA. The membrane was successively hybridized with 32 P-labeled α-S1 casein, α-lactalbumin, κ-casein and 18S cDNA probes. The 18S rRNA was used as a control for RNA loading. Figure 7 . a) Effect of GH treatment on expression of three milk-protein genes in Exp. 3; data from one GHreceptive goat are shown. A Northern blot analysis was performed with daily samples of 10 g of RNA for each goat. The membranes were successively hybridized with 32 P-labeled α-S1 casein, α-lactalbumin, κ-casein, and 18S cDNA probes and autoradiographs were obtained by exposure 9 h, 15 h, 4 h, and 30 min, respectively, at −80°C. b) Quantitative analysis of milk-protein gene expression in milk somatic cells during study. After each hybridization, the relative intensities of hybridization signals were measured. The 18S rRNA were used as an internal standard, and the percentage of epithelial cells was used in order to standardize the RNA amount specific to epithelial cells that were loaded into each lane. To compare the specific amount of RNA between the three goats, the results were then calculated as a percentage of mean gene expression during the control week. Finally, they were expressed as the mean (±SEM) of these values for the three goats.
among all of the RNA samples (r = 0.961, P < 0.001, n = 45). The relationship between the three milk-protein genes expressed was stable within the experimental design, but GH treatment did not influence this relationship. Experiment 3 was conducted according to a switchback design over a 6-day period during three wk with four goats. Data were expressed as the mean of 6-day samples for each goat and each wk (n=12) and were subjected to ANOVA.
Discussion
Our goal was to evaluate the use of goat milk somatic cell RNA as a means of assessing the dynamics in gene expression in the mammary gland. First, we characterized goat milk somatic cells and evaluated the efficiency with which the RNA could be isolated. Milk somatic cell counts for uninfected goats are generally higher than those for cows, with average cell counts ranging from 50 to 1,000 × 10 3 /mL of milk. Under our experimental conditions, the average total somatic cell count observed corresponded to low SCC values in the healthy goats at mid-gestation (Droke et al., 1993; Fahr et al., 1999) . These low values were related to the cytocentrifugation of somatic cells before the count in our study. Some small cells and cytoplasmic particles could have been caught by the upper fat layer during centrifugation. Generally, the somatic cells are counted from fresh milk or frozen milk without purification.
Large individual fluctuations in cell counts between daily samples were observed. These fluctuations have previously been described in cows (Smith and Schultze, 1967) and healthy goats (Linzell and Peaker, 1972) . The significance of these fluctuations is not known. Throughout a short period (4 wk) of study, somatic cell counts were not correlated with milk yield. Although a negative correlation between SCC and milk production throughout lactation has been reported. Thus, associated to a decrease in milk yield, an increase of SCC has been observed due to a dilution effect of the milk and to the migration of lymphocytes related to the architectural reconstruction of the mammary gland (Zeng and Escobar, 1995) .
By immunostaining milk somatic cells with an antibody directed against cytokeratin, the epithelial origin of a part of the somatic cells was confirmed. According to flow cytometry, 26% of cells collected were epithelial cells, 55% were leukocytes, and the remaining proportion probably corresponded to fragment cells. A similar percentage of epithelial cells was observed by direct microscopic count. This was in accordance with a previous report in goat milk at this stage of lactation (Dulin et al., 1983) . A significant correlation was observed between the percentage and the viability level of epithelial cells. High values were probably related to a recent exfoliation process associated to the milking.
Somatic cell counts in the post-milk samples were always higher than in the morning milk samples. The cycle of milk somatic cell counts after milking appears to be a general phenomenon, but it is subject to considerable variation in cows (Smith and Schultze, 1967) and in ewes (Gonzalo et al., 1994) . However, the same cell characteristics, such as viability and percentage of epithelial cells, were found in both samples.
The average RNA preparation efficiency obtained (0.35 g of RNA/10 3 somatic cells) corresponds to the classical RNA preparation efficiency from cell line cultures. The amount of total RNA was correlated to the epithelial cell count and varied daily. An equivalent efficiency in RNA preparation was observed with somatic cells from morning milk and post-milk samples, with a similar quality. Finally, both milk sample types could be used for RNA preparation.
Based on a comparison of milk-protein gene expression in the mammary gland and in milk somatic cells from the same animal, we report herein that the relative amount of milk-protein mRNA was identical in both milk somatic cells and mammary tissue samples. Previous investigators have described the use of somatic cell RNA from human milk to study β-and α-S1 casein (Lindquist et al., 1994; Martin et al., 1996) . Using RNA from goat milk somatic cells, Northern blot analysis made it possible to observe intensity differences in the α-S1 casein mRNA level associated with allele genotype differences, thus reflecting different protein content in the milk. Thus, the regulation of gene expression in somatic cells appears to accurately reflect what actually occurs in the mammary gland.
To provide additional support for the use of daily milk somatic cell RNA as an approach to assess the dynamic study of the molecular process involved in the mammary cellular responsiveness, we analyzed the effect of exogenous GH on mammary gene expression. In this study, treatment of goats with GH increased milk yield by 4.8% in three of four goats. As expected, the mean increase in milk produced by the three goats corresponded to that expected following 1 wk of GH treatment (Mepham et al., 1984; Nielsen et al., 1990) . Plasma concentrations of GH and IGF-I increased in response to the GH treatment as previously described (Mepham et al., 1984; Peel and Bauman, 1987; Faulkner, 1999) . During GH treatment, the amount of milk-protein mRNA was transiently and inconsistently increased on the 3rd and 4th days of treatment. These observations may provide evidence that GH can have an effect at the transcriptional level of the epithelial cell in the mammary gland. Further studies such as this, using GH treatment and a greater number of goats, should be conducted to clarify the transient regulation of gene expression by GH.
For many years, GH has been suspected to contribute to the development of the mammary gland and to the stimulation of milk production (Bauman and Vernon, 1993) . Growth hormone could play a role in stabilizing the number of secretory cells or by increasing cell secretory function (Bauman and Vernon, 1993) . In goats, GH treatment increased mammary gland weights without increasing DNA content, suggesting the occurrence of cellular hypertrophy (Knight et al., 1990) . Using mammary biopsies, Baldwin (1990) reported that total RNA per mammary gland, used as an index of cell metabolic activity, increased in lactating cows treated with GH, before the increase in protein synthetic capacity. Recently, a cDNA microarray analysis was performed with bovine mammary poly (A) RNA samples that provided evidence that bovine GH stimulates gene expression of enzymes implicated in the biosynthesis of milk (Malthialagan et al., 1998) .
Nonetheless, the exact mechanism by which GH exerts its action on the mammary gland is not clearly understood. Currently, IGF-I is also believed to be involved as a mediator of GH action on the mammary gland through local or systemic mechanisms (Kleinberg et al., 1990) . However, GH receptor mRNA and protein have been reported in ductular and epithelial cells of mammary gland (Glimm et al, 1990; Jammes et al, 1991; Sinowatz et al, 2000) . In vitro studies reported clearly no effect of GH on stimulation of milk component synthesis and secretion in culture of bovine mammary epithelial cells or cell clusters (Goodman et al., 1983 , Gertler et al., 1983 . Nonetheless, more recent work provides evidence that GH activates STAT5, a signal transducer and activator of transcription that can act on the casein gene promoter sequences in mammary cells (Zebrowska et al., 1997; Jammes et al., 1998; Gallego et al., 2001) .
From our data, a small and variable effect of GH on transcription of three milk-protein genes was shown, but it is not the main contributor. Clearly, GH has an effect on the general metabolism in increasing mammary blood flow (Mepham et al., 1984) and partitioning of nutrients. These three effects contribute to enhanced milk production.
In our study, daily milk cell preparations were assessed to observe the effect of GH on mammary gene expression. We observed that the three milk-protein genes were expressed in high correlation with each other. These results provide evidence that the transcription of studied genes are regulated in the same way. The caseins are known to be encoded by a cluster of single copy genes localized on chromosome 6 in ruminants (Rijnkels et al., 1997) and the promoter regions controlling milk gene expression are documented (Rosen et al., 1999) . The structural similarity of the promoter regions could explain the coordinated activation of the casein genes. However, more research needs to be conducted to understand the coordinated regulation of the casein and α-lactalbumin gene expression. Similar correlations were observed between in vitro casein and fat synthesis and α-lactalbumin secretion in explants from bovine mammary gland stimulated with various hormonal treatments (Gertler et al., 1983) .
Implications
The opportunity to use milk cell RNA preparations to study mammary physiology provides a significant improvement over the use of biopsy samples and allows easy and repetitive sampling without damaging mammary tissue. This method could be used to investigate the transcriptional status of the mammary gland of one animal in relation with its genotype, its nutritional and pathologic status, and its influence by hormonal factors. In goats, somatic cell counts are not strictly a reflection of intramammary infection. Then, we further suggest the use of this method to evaluate the milk quality by analysing the expression of specific genes of molecules participating in the defense system, including proinflammatory cytokines and chemokines. Thus, gene expression profiling, as determined via RNA from milk somatic cells, may provide a convenient means to more dynamically characterize events within the mammary gland.
